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® A method of controlling the time constant of a 
filter (2) for use in a radio receiver which receives a 
signal, transmitted from a transmitting station at a 
predetermined period, intermittently at the predeter- 
mined period and demodulates and delivers the re- 
ceived signal, a filter circuit having the time constant 

^ control function based on the method, and a radio 
receiver having the Alter circuit. Preferably, the fihtir 
has its time constant switohable stepwise and spe- 

^ cifically, parallel connection of capacilDi^ (211 to 
213, 221 to 223) or shprtcircuilng of resistors (230 

^ to 232. 240 tb 242)" rr controlled by turning onwff 
switches (311 to ai3, 321 to 3^: 330 to 332. 340 to 

^ 342). A contrcilfe? fe; 30) witiiin ttie filter circuit or the 
radio receiver performs control for applying a pre- 

&L deteirnllKd periadicai signal ^.s^datl piisle sig- 

^ nai) (PL) to the filter and controlling the time con- 
stant of the filter in accordance with an outfSut signal 
(or triai^ular pu^) (Four) during a first time zone 



within each operation interval for the mtBrmittent 
reception and for filtering the signal from the trans- 
mitting statkin and causing a demodualting circuit (6) 
to demodulate and deliver a filtered signal. 
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MEtHOD OF CONtROLUNG FILTER TIME CONSTANT AND HLTER CIRCUIT HAVING THE TIME CON- 
STANT CONTROL FUNCTION BASED ON THE METHOD 



BACKGROUND OF THE INVENTION 



the timo constant control el 



Field of the Invention 

Tt>e present Invention relates to a method of 
controlling the time constant of a filter and a filter 
circuit having the time constant control function 
based on the method, and more particularly to a 
time GOSntant control method suitable for a filter of 
a receiving unft of a paging radio receiver which is 



ence^levels Is fed back to the 
supplied to the main filter, Ir 



In the above arrangement when the relative 
accuracy (inclusive of control charflcterislics) be- 
twasn the main and artiHolal filters Is deigned to 
be high, the voltage or cunwt ted back to the 
can act on the mam filter so as to 



tween an osclllalion signal from the oscillator and a 
standard pulse signal having a predetermined fre- 
quency is detected, and a voltage complying with 
the phase difference is supplied to the artificial 
filter and a main filter. The voltsga complying with 
the phase diiferance acts on the main filter as it 



system, the op ration of fiiterlrg a received signal 
and the operation of controlling the time constant of 
a fitter dnuit fer flHering are canrled out In parallel. 

For example, there are provided a fllter for 
filtBrifig an Input signal (hereinafter rsfaned to as a 



having the same consfnjcfion as that of the main 
filter, whereby a standard pulse signal having a 
predetennined frequency is applied or inputted to 
the artificial fllter so that the aritificai filter may 
deliver an output signal the level of which Is com- 



dlsckised in JP-A-eO-214ei7 arid ■On-chip Auto- 
matic Tuning ibr a CMOS Continuoua-Time Htter*, 
by Mlhal Banu et al.. ISSCC8S/FRIDAY, FEBRU- 
ARY 15, II 



SUMMARY OF THE INVENTION 
Today, It has been desired to 



i polarity which 




of the same construction and control circuit wl 
are adapted to control the main filter, as described 
previously. Accordingly, the total area of the filter 
circuit inclusive of the control circuit and artificial 
filter causes a bottleneck to size reduction. In addl- 
tk)n, the lime constant control Is ef 



capacitor diode 
control element of the 
required for 
of the filter by al 




2 
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An object of the irlventioil Is to provide a meth- 
od of controlling the time constant of a lilter having 
a small circuit area and operative at low power and 
low voltage, and a filter having the time constant 
control function. 

Another object of the invention is to provide a 

which uses 0ib afbremsntionsd flltsr so as to be 
reduced in circuit area and operative at low power 
and low voltage. 

To accomplish the first object, a filter time 
constant control method according to the invention 
comprises the steps of inputting a standard pulse 
signal having a predetermined frequency and a 
predefermined signal level to a filter in advance of 
each time that filtering of an input signal is effected 
at a predetermined timing, comparing an output 
signal level from the filter with a predetermined 
reference level, and adjusting the time constant oi 
the filter in accordance with the comparison results. 

To accomplish the second object, according to 
the invention, a radio receiving method applicable 
to a radio receiver In which circuits within the radio 
receiver are operated intemiittently at a predeter- 
mined period, and a received signal is filtered 
during each Operation Interval and thereaflsr ds- 
modulated and delivered, coiTiprfses the steps of 
controlling the time constant of a Alter in the radio 
receiver during a first time zone wWiln eaA oparft- 
tion interval, and filtering. demodulaShg and dB- 
llvering the received signal during a second time 
zone following completion of the time constant con- 

Speclfically, when the receiver is tuned to the 
transmitting station, a baseband circuit within the 
receiver responds to Infanmation allotted to time 
slots contained in a transmission signal to deliver a 
battery-saving signal {BS signal) at a predeter- 
mined period (21 sec pursuant to the standard). 

Subsequently, the controller for controlling the 
time constant of the filter applies the standard 
pulse Signal to the filter during a predetermined 
interval (for example, 3 msec) beginning with a 
predetermined timing following rise of the BS sig- 
nal (for example, 10 msec after the rise), and a 
level of an output signal from the filter is compared 
with a predetermined reference level, whereby the 
flltsr time constant control Is effected and after 
completion of each time constant control, the re- 
cehnd signal is switched to the filter, demodulated 
by the demodulating circuit arxl delivered (in the 
form of, for example, sound or display). 

A plurality of capacitors are connected In par- 

lies) within the filter, and the controller selects from 
them necessary capacftors (or resistance elements) 
by means of switches in order to control the filter 
time constant A ratio of capacitance among the 



plurality of capScitors connected in parallel (in the 
case of resistance element, a ratio of resistance) Is 
increased sequentially at the rate of two times, for 
example, in such a fSshlon as 1. 2, 4, 8 

5 The filter output signal level is subjected to 

analog-digital (A/D) conversion by an analog-digital 
(A/D) converter and the controller compares the 
converted Sgnal level with a predetermined refer- 
ence level, Ihreby performing the filter time con- 

70 slant control. Then, a reference voltage supplied to 
a standard pulse signal generator which generates 
the standard pulse signal Inputted to the filter dur- 
ing the time constant control interval is used in 
common as a reference voltage used for A/D con- 

is version by the A/D converter. 

In the filter time constant control method ac- 
cording to tho Invention, prior to performing filtering 
□f an input signal received at a predetermined 
timing, the standard pulse signal having a predetar- 

20 mined frequency and a predetermined signal level 
is applied to the filter and the time constant of the 
filter is controlled in accordance with an output 
signal from the filter, thereby ensuring that the 
artifical filter and the like circuits needed conven- 

2S tionally can be dispensed with and the power con- 
sumpUon and circuit area can be reduced. 

The filter time constant control is carried out by 
tufnins onion the switches to select necessary ca- 
pacilors (or resistance elements) from the plurality 

30 of capacitors connected in parallel (or resistance 

cordlngly, the variable capacitor cBode or differen- 
tial active filter needed conventionally can be dis- 
pensed with, thus facilitating lowering of power 

35 supply voltage or size reduction of the filter per se. 
Further, by increasing the capacitance ratio 
between sequential or adjacent capacitors (or resis- 
tance ratio between sequential or adjacent resis- 
tors) among the plurality of capacitors connected in 

40 parallel (or resistors connected In series) at the rate 
of two times and performing sequential selection 
and setting of time constant bits beginning with the 
maximum bit and ending in the minimum bit, the 
setting can be completed through the same num- 

45 ber of setting operations as the number of bits. 

Similarly, in the radio receiving method aocond- 
ing to the invention, the time constant of the filter 
within tho radio receiver Is controlled during a 
predetBrmined interval following the start of each 

50 intermittent operation, and after completion of the 
(liter time constant control, the received signal is 
demodulated during each predetermined interval, 
thereby ensuring that the artificial filter and the like 
circuits conventionally needed can be dispensed 

55 with and the power consumption and circuit area 

Further, by using the reference voltage sup- 
plied to the standard pulse signal generator which 



generates m standard pulse signal Inputted to ttie control logic droult for controlling the time constant 

flitsr in common as the rsference volbge used for of the flHer 2. Addlfionaiiy, the receiver comprises 

WD conversion of the filter output signal l)y the Art) an analog-dignal (fiJD) converter 4 ibr converting an 

converier. flie influence of enrors contained In the analog signal delivered out of the filter 2 into a 

standard pulse signal per se upon the gain change e cOgital signal, a digital filtar S, a demodulaling clr- 
cuH 6 Ibr demodulating tf 

lowing detailed description when riMd 
tion with the accompattyihg drawings. 

The baseliand circuit 7 responds to the con- 
tents of a signal (control signal) received preceden- 
BRIEF DESCRIPTION OF THE DRAWINGS tly from a transmitting station through the antenna 

>6 to deliver the battery-saving signal (BS signal) at a 
Fig. 1 is a schematic block diagram of a paging prsdetennlned period during a predetermined inter- 

radlo receiver to which the fifter Hme constant val which starts at a certain timing. For example, 



Fig. 2 is a time chart showing how the time piuralHy of receivers on time division base, a con- 
constant control intervai of Alter and the dO' so trol signal transmitted from the transmitting station 

gnal aiia related to each receiver contains information concerning 

_ „ time slots to be allotted to each receiver. Thjs, the 

Fig. 3 is a time chart showing oioolc signals and baseband circuit 7 delivers, at a start timing des- 
switch drive signals appearing during the flitfer 
time constant control interval; 

Fig, 4 is a circuit diagram of a filter in which the terval. A specified timing chart will be doscrlbsd 
time constant Is controlled by switching rasis- later with reference to Figs. 2 and 3. 
tanoe; For avoiding prolixity, output circuits (for exam- 
Fig. 5 Is a time chart showing signals appearing pie, liquid crystal display and the lll<e) connected to 
during the time constant control interval of the so the baseband circuit 7 and a circuit for generation 
--^ - • -- '- of a reference voltage supplied to the A/0 



g the frequency 



filter time constant control; During the Interval for delivery of the BS signal, 

Rg. 7 is a schemaBc bioolc diagram showing 35 the receiver controls the time constant of the filter, 
and demodulates and delivers the signal received 
from the transmitting station. In the present em- 
liodiment before filtsring of an Input signal Is effec- 

40 filter Is controlled In advance. 

The operata'on of demodulating a received sig- 
nal after completion of control of the filter time 
constant will now be described. 

A received signal is inputted through a signal 
« input terminal 8 (IN), passed through a switch 10 
(SIN) in the input switching circuit 1 and delivered 
to an Input line (Fin) of the filter circuit 2. The 
control system of the Invention is applied to a signal is then subjeclBd to filtering in the fillBr 2 

paging radio receiver will now be described with and Inputted to the A/D convertar 4 A converted 

reference to the accompanying drawings. so digital output signal from the PJD converter 4 is 

Hg. 1 fs a sdiematic diagram showing the supplied to the digital fitter 5 and demoduaited In 

paging radio receiver to which the Invention is the demodulating circuit B. The baseband circuit 7 

applied. In the figure, reference numeral 1 des- decodes a signal from the demodulating circuit 6 

ignates an input switching circuit for selectively and delivers a decoded signal to the output circuits 

switching and receiving a signal received through 
an antenna (not shown) and a standard pulse signd 

for control of fUtertfrne constant, 2 a low-pass filter srgnal from the baseband circuit 7 so that their 

the time constant of which Is variable, and 3 a power supplies may be turned "OFF" in the ab- 



4 
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senc9 of time slots allotted to the slaiion of its own. 

Son. In the drawing, ttis internal power supplies, 
switches between the respective circuits and the 
respective power supplies and interconnections are 
not Illustrated. 

The operation to be earned out prior to the 
processing of the received signal durthg the fUfsr 
time cons^ control interval will now be dd' 

During the interval for control of the time con- 
stant of the filter 2. a standard pulse signal <PL) 
generated from a standard pulse signal generator 
31 is inputted to the filter 2 through a switch 11 
(SPL), At that time, the switch 10 (SIN) is so 
controlled as to be turned off. An output signal 
from the filter Is supplied via the AID converter 4 to 
the control jogic circuit 3 and the time constant of 
the filler is controlled in accordance with a level of 
an output signal of the dtcuH 3. 

Rg. 2 is a time chart showing how the time 
constant control Interval of ftltar 2 and the d^ 
modulating interval of received signal (hefelnafter 
refsn'ed to as main receiving operation interval) are 
related to the BS signal. 

As described previously, during the Interval 
that the intermitting receiving channel Is tuned to 
the transmitting station, the' delivery of the BS 
signal is repeated at the predetermined period but 
in Fig. 2. only one period of the BS signal is 
illustrated. 

Referring to Fig. 2, a start pulse signal (ST) is 
a signal generated, in response to the BS signal, 
from a start pulse clool< signal generator 36 of Fig. 
1. This ST signal is so controlled as to rise in 
synchronism with rise of the BS signal and fall at 
the expiration of T,,, interval. A control operation 
end pulse signal (END) is so controlled as to rise at 
the expiration of 13 msec beginning with rise of the 
BS signal and fall in synchronism with fall of the 
BS signal. 

tioned Input switching circuit 1, which turns on the 
switch 10 (SIN) during on-state of the signal (END). 
The END signal is inverted and deiviered to the 
switch 11, thereby turning off the switch 11 (SPL) 
at that time. During off-state of the END signal, the 
switch 10 (SIN) is turned off and the switch 11 
(SPL) is turned on. 

The filter time constant control operation is 
carried out within an interval T^ between the fall of 
ST signal and the rise of END signaL The main 

To following the rise of BS signal expires and ends 
at the expiration of inten/al T,. at which the BS 
signal falls. The interval Tl is fixed to 1.3 sec 

radio receivers and the present embodiment 



agrees to this standard. Pursuant to the system 
standard, the period. Tp, of the bS signal is also 
fixed measuring 21 sec and the present embodi- 
ment also agrees to this standard in this respect, 
s The infereal J^a Indicated in Fig. 2 is required 
In order that the function of individual circuits con- 
nected to the power supplies within the receiver 
can be stabnized In response to the BS signal, and 
an Intenral of 10 msec following the rise of END 

10 signal la required for startup of the other digital 
circuit than the filter. These intervals may be set to 
appropriate values in course of filter circuit design 
or may be set to desired values. 

The operation of each block comprised In the 

;5 control logic circuit 3 of Rg. 1 will now be de- 
scribed In greater detail. 

Flecaiving the BS signal, the start pulse clocl< 
signal generator 36 delivers the ST signal for deter- 
mining the start of the control operation and the 

20 standard clooi< pulse signal (CL1 signal). A timing 
signal generator 33 receives these two pulse sig- 
nals and delivers a clock pulse signal (CL2 signal) 
for determining the frequency of the standard clock 
signal PL and a clock pulse signal (CL3 signal) for 

2S causing a switch controller 32 to control the timing 
for switch control. The standard pulse signal gener- 
ator 31 responds to the ckx;k pulse CL2 to deter- 
mine the frequency of the standard pulse signal PL 
and to the reference voltage to detennlne the 

30 amplitude level of the standard pusle signal PL. 

Fig. 6 Is a graph useful in explaining the rela- 
tion between the standard pulse signal PI and filter 
characteristics of the filter 2. In the graph of Fig. 6. 
abscissa represents the frequency of the input slg- 

35 nal to the filter and ordinate represents the output 
signal level (gain) from the filter. 

The filter 2 has its fiiler characteristic which 
varies as shown at state A or B because of vari- 
ations in resistance, temperature and the like fac- 

m tors as vrell as manufacture errors in capacitance. 
Accordingly, the shifting state A or B of filter char- 
acteristic by controlling the filter time constant, in 

45 controlled in accordance with results of a compari- 
son between a filter output signal level and a 
predetermined signal level (Vm). To this end, it is 
preferable to use as the standard pulse signal PL 
to be inputted to the filter a signal having such a 

50 frequency that the output signal level of the filter Is 
affected greatly by variations in filter characteristic. 
Therefore, in the present embodiment, the standard 
pulse signal PL is so designed as to have a fre- 
quency in out-target band of the filler. 

56 Further, in the present embodiment, the refer- 
ence vol^e Vrei for determining the level of the 
standard pulse signal PL is also used as that for 
gain determination In the A/D converter 4. 
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of 6 = K' • 1/V«e 
[idclng that the output 
V Vrour * K2 • PL 



supplied to the A/D converts! 
be expressed by a fbmiula 
where K' is constant When r 
level of the signal Is gnnn 



equation is reduced as follows: 

PL - Q • Vraur 

= Q • te •. PL 

= K" ■ • Kl • V„ • K2 

= K" • K1 • K2 

MicatinB that the reference voltage Vref has no 
influence upon the signal PL'. Accordingly, by us- 
' "ie same rciferenoe voltaga Vm In common ter 
-1 and Ait) 



■S (C'S) 211 to 213 and 221 to 223 
sr simply 
ire"), the 

conuoiler 3£ delivers svritBh drive signals 
oui, 9D2 and 803 and the afbremsndoned END 
sigrraL Timings for these signals are determined by 
the Input clock CL3. The "H" or "L" stats of the 
switch drive signals SD1, SI32 and SI33' ("H" for 
tum-on of switch and "L" for turn-off of switch) is 
sequentially determined In accordance with the "H" 
or "L- polarity of a decision output signal THO of a 
comparator 35. A level detector 34 detects a peak 
to peak value (Vp.p) from AC amplitude of the 
standard pulse signal PL' delivered out of the A/D 



comparator 35. The 
detected Is that the PL' signal 
a DC offset component due 



As shown in Rg. 
resistor (FQ 20 connected to 
(Fm), a first Stage filter 
rs 210 to 213 




■H" or 'L' of the switch drive signal SD1 (Hrst blQ, 
the capacitors 212 and 222 are on/off controlled In 
accordance with "H* or 'L" of the swHch drive 
signal SD2 (second bit), and the capacitors 213 




» can be controlled within a 
from 10 to 17(pF). 

Refening now to Rg. 3, the relation between 
the filter Bme constant control opeiaflon and the 
previously-described clock signals CL1 to CL3 and 
switch drfve signals SD1 Id SD3 will now be de- 
scribed. For convenience sake, an example will be 



carHed out to set the filter capacitance to 1 5(pF). 

start pulse signal (ST signal), the start pulse clock 
signal generator 38 delivers the clock pulse CL1 
having a period of 125 usee. The timing signal 
generator 33 references this ciock pulse 01 to 
deliver the clock pulse CL2 having a period of 250 
usee and the clock pulse CL3 having a period of 1 
msec. The standard pulse signal PL delivered out 
of the standard pulse signal generator 31 Is a 
rectangular wave having a tyequency coincident 
with that of CL2. At the timing for control start the 
switch drive signals SD1, SD2 and SD3 are all 
rendered "H". with the result that the switches 31 1 
to 313 and 321 to 323 are all rendered "ON". At 
tiie first rise of CL3, the signal SD1 is rendered "L" 

during one period (1 
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'H")ofth 



or output THO iiti 
ind riSB of CL3, tha state ("L" or 
;h drive signal SI31 is determined. 
Sinca In this 6Kampl« the Vm Is so set as to 
malte the fltter capsdMice 15(pi=). the output value 
THO of Itre comparator 35 is "H". As a rssult, ttie 
svWloh controller 32 sets the switch drive pulse 8D1 
to 'H". Subsequently, at the second rise of CL3. 
the signal SD2 Is set to "L". As a result, the 
switches 312 and 322 are rendered "OFF". Simi- 
larly, at the third rise of CL3, the immediately 
preceding THO is "L" and therefore the switch 
controller 32 sets the SD2 to "L" in order to render 
the switches 312 and 322 "OFF" and at the same 



the 

is 313 and 323 are rendered "OFI^-. At tha 
fourHi rise of CL3. the immediately preceding T>iO 
is "H" and therefore the switch controller 32 sets 
the SD3 to *H- In order to render the switches 313 
and 323 *0N" and at the same time sets the 
control end pulse (END signal) to 'H'. As a result 
the switch SIN is turned on and tha switch SPL Is 
tunned off In the input switching circuit 1, thereby 
bringing about the state where the main signal 
reception can be permitted. 

As described above, by setting the switching 
capacitors of the finer sequsntlally from the maxi- 
mum bit to the minimum bit, the control operation 
of all time constants can be completed when set- 
ting of the minimum bit ends. 

The total filter capacitance Cc can be changed 



m section In Fig. 3. At the end of as However, tl 



of Fig. 1. and internal rasislors 230 to 232 and 240 
to 242 are controlled for short-circuiting by means 
ss 330 to 332 and 340 to 342. 
The filter 2 is a low-pass filter including a first 
stage filter comprised cf resistors 230 to 233 con- 
nected in series with the input line (Fim) and a 
capacltdr 24, and a second stage filter comprised 
of resistors 240 to 243 connected in series and a 
capacltDr 25. The resistors 230 and 240. 231 and 

with "H" or "L" of switch drive signals SDl' to 
SD3 . When a ratio of resistance among these sets 
of resistors is set to be 4:2:1 (for example, the 



control range of 7(0). 

Since in tMs embodiment the individual resis- 
tance are shortdrcuited when the SDl' to SD3' 
signals ,are tendered -H*. the polarity of the SDi' 
to SI33' msut be inverted as compared to that of 
the SOI to SD3 signals explained in connection 
with Fig. 3. 

When the time constant control Is carried out 
flllar z'. the switch drive signals (SDl' to 



In the foregoing embodiments, the filter tims 
constant control system of the Invenfion has been 
described as applied to the paging radio receiver 
IS the receiving operation periodically. 



(pF) within the adiusting range of from 10 Id 17- 
(pF). In the present embodiment, the control 
switches 311 t 313 and 321 to 323 are set In such 
a manner that all Oie switches are rendered "ON" 
upon start and the switch drive pulses are rendered 
"L" sequentially beginning with the drive signal 
SDl. In an altematNe, however, a method based 
on the inverted polarity may be employed wherein 
all the switches are rendered "OFF" upon start and 
the switch drive pulses are rendered "H" sequen- 
tially beginning with the SDl signal. 

Further, in the foregoing embodiment the time 



3 television and a 



pie. when the filter output signal takes the form of 
an analog value, the output signal of the filter 2 of 
Fig. 1 may be inputted directly to the level detector 
34 and connected to output circuits handling the 
niter analog output signal as it is. 



ufacture errors of the filter time constant but the 
filter in these embodiments may readily be used as 
a variable filter if the threshold voltage Vm of the 



lied to the paging radio receiver will n 
escribed. 

The foregoing embodiments use the st 



ffme constant control Interval; Contrary to this, in 



erated using time constant detemiining elemente of 
a filter, the output level of the triangular wave is 
compared with a fixed reference level, and the filter 



Hg. 7 Is a diagram for explaining the seoonc 
embodiment Referring to Rg. 7, a triangular waw 
generator 8 Includes an Input switching circuit foi 

generating a " ' ' 

opposition ends of ci. 
control logic circuit for controlling tfie Hme'co 
of the flitar 2. The funotton and operation of com- 
ponents B, 2, 4, 5. 8 and 7 are the same as that of 
the conesponding components In Fig. 1 and will 
not be described herein. 

Applied to a switch (SPL) 11 of the Input 
switching circuit is a DC voltage Va. A switch (SO) 
92 has one end grounded and the other end con- 
" ■ ID the Input of an amplifier 22 provided for 
"110 223 of a filter 2. 

oi logic circuit 30 has no circuit cor- 
responding ID the standard pulse signal generator 
31 of Rg. 1. in the second embodiment, a timing 
signal generator 330 defiveis a pulse (SWP) 500 
for ontoff controlling the switch (SO) 92 of the 
triangular wave generator 8. An oiaput signal (Four) 
47 of the filter 2 Is applied directly to a comparator 
35. Accordingly, in contrast to the digital type com- 



Thecc 



an analog type. The 
remaining portion of the control logic circuit 30 is 
JB that of the circuit 3 in the flrsl en 



oomssponding to each bit Is rendered "OFF" at the 
rise of CL3 and there results a transient response, 
it takes 1 msec (corresponding to 4 periods of the 
standaret pulse signal) for the level of standard 
pulse signal PL to become stable, fDtalling 3 msec 



opposite ends of the capacitor are short-circuitod at 
the rate of one period of the signal by means of the 
switch (SO) 90 to reset the level and thereiixB the SB 
Influence of the transient response becomes negli- 
gible. Accordingly, when the period of the switeh 
drive puiss SWP (Fig. 7) is designed to be idenlical 



to that of the standard pulse signal PL (Fig. 3). the 
period of 01.3 (Fig. 7) becomes 1/4 of the period of 
Cia (Fig. 3) and the total time Tq, requited tor time 
constant control measures 0.75 msec which is 1M 
ofSmsea 

Refen'ing now to t=lg. 8. signal waveltinns at 
various points In the second embodiment will be 
described. Waves ST. CL1, CL3 and END in Rg. 8 



In Rg. 8. the drive pulse SWP is to on/off 
control the switoh (SO) 82 and in this example the 
switch is turned on with high level *H* of the drive 
pulse and tomed off with low level "L" of the drive 
pulse. The output signal Four of the filter 2 stands 
for an input signal to the comparator 35. Simulta- 
neously indicated on ordinate of a graph section 
indicating the Fqut waveform are a threshold volt- 
age Vth of the comparator 35 and a DC voltage Vs. 
The output signal, THO. of the comparator 35 Is 



signal (Four) 47 Is higher than the threshold Vm but 



the total capacitanca of tha capacitors wi 
filter is set to 15(pF) as in the case o) 
corresponding to the first embodiment 

The signals SD1, SD2 and SD3 start f 
the same timing or phase as that In the f 
bodiment (see Rg. 3) but start rising al 
timings than those in thi " 
3). For these reasons, tlie waveforn 
capacitance Cc of the capacitors var 

capacitance Cc of the capacitors can 
verged to 15(pl^. 

As is clear from the description 



it area and powsr consumption. 
Specified effects can be enumerated as below. 
The first effect is such that the power con- 
sumption reduction can be attained by separating 
the time constant control operation from the normal 
operation and completing tha former operation 
within a short interval of lime. As described pre- 
viously, while the received signal demodulating in- 
tsnffli of the paging radio receiver is 1300 ms. the 
time constant control interval (Tel) of the filter Is 3 
msec. Thus, the time. ratio of the time constant 
control Intenrai to the demodulating intenal of the 
' 1 signal Is about 0.23%. indicating that pow- 
■ I during the time constant control 



doss not require thi 



6 



/. This is 



present Invention, the standard pulse signal is ap- 
plied directly to the filter used for filtering the 
received signal without resort to the aritlticial titter 
and the output level of the filter is compared with 
the reference level to detect the time constant 



high control voltage is required, thereby ensuring 
reduction in power supply voltage. In addition, such 
a differential active filter as used in the case where 
ON resistance of D-MOS is utilized can ba un- 



The fourth effect is such that the control time 
can be reduced hy setting a ratio of capacitance 
(or resistance) among capadtors (resistors) used 
as time constant control elements to 4:2:1 to set up 
a ratio of 2:1 between sequential elements and by 
Shifting the seffing opsraBoh sequentially trom the 

constant controlling. In the embodiments, lha num- 
ber of bHs is 3 and the time constant control 
operation can be completed thrxiugh three-t'mes 
setting operations (about 3 Rtssc). 



wherein said controller applies said periodical sig- 
nal to said filter in advance of each filtering opera- 
tion and responds to an output signal (Four) from 
said filter to control the time constant thereof. 
3. A filter circuit for controlling the time constant of 
a filter (2) each time that intBrmittant filtering of an 
input signal is effected by means of said iiHer, 
comprising: 



a controller (30) for cc 



:o said filter 



;e (Va) fo 



generate a triangula 

wherein said controller connects said constant volt- 
age source to said filter in advance of each filtering 
operation and responds fo a triangular-wave output 
signal from said filter to control the time constant 
fliereof. 

4. A radio receivlrig method in which circuits within 



1. A method of controlling the tinri* constant of a 
filter (2) operable to Intenmittently filter an input 

signal to deliver the same and having its time 




rt of said filier by a 
predetsnnlned number of times in accordance with 
an output signal (Four) from said filter; and 
performing filtering of the input signal after comple- 
tion of switching of the time constant of said fiHer. 
2. A filter circuit fOr controlling the time constant of 
a filter (2) each time that Intennittant filtering of an 
Input signal is effected by means of said filter, 



periodical signal having a predetemilned frequency 
and a predetennined signal level and controlling 
switching of the time constant of said filter during a 
first time zone within each operation Interval; and 
filtering, demodualting and delivering said received 
after completion 

of C 

said periodical 
said filter, 
receiving a signal, transmit- 
predetermined 
said period and demodulat- 
ing and delivering the same, comprising: 
a filter (2) operaljie for filtering an input signal and 



a demodualting circuit (6) for demodulating 
delivering an ouput signal (Four) from said filtei 
a conttoller (3) for controlling the time consta 



d (END) 

from said controller, for selectivsly inputting to said 
filter either said input signal or a periodical signal 
(PL) having a predetennined frequency and a pre- 



d from said controlier, for selectively inputting 
aid filter either the signal from said transmitting 
on or a periodical signal hsAng a predeter- 



EP0 421423A2 



dance with the output sTgnal from said fiiter during 
a first time zone within each operation interval and 
lot filtering, demodulating and delivering the signal 



said controller Includes a standard pulse signal 
generator (31) for generating said periodical signal 
inputted to said flher. and a reference voltage (V^ 
supplied to iaid standard signal generator is used 



period, Intermittently at said period an 
ing and delivering the same, comprising: 
a fiiter (2) operable for filtering an Input signal and 
having its time constant switchable stepwise; 
a demodulating circuit (6) for demodulating and 



controller, for selectively connecting to said filter 
either an input line of a received signal from said 
transmitting station or a constant voltage source 
(Vb) for causing said filter to generate a triangular 

wherein said oontrDller performs control for apply- 
ing a periodical signal to said filler so as to control 
the time constant of said fii 




having a ratio of capacitance between sequential 
sponds to the output signal from said fUtar to 

a capacitor of a maximum capad- 

9 capacitor of a minimum 
lontrol the time constant of 



an input switching circuit (1). responsive to a com- 
mand from said controller, for selectively Inputting 
to said filter either the signal from said transmitting 
station or a periocScal signal having a predeter- 
mined frequency, 

wherein said controller perfoms cofflrol for apply- 
ing said periodical signal to said filter so as to 
control the time constant of said filter In accor- 
dance with the output signal from said analog- 
digital converter during a first time zone within 
each operation interval and for filtering, di 
ing and delivering the signal from 



1. The m 



le of Claims 1 



whidi Is 1:2, and said controller responds to the 
aquentlal 

umresls- 

B and ending in a resistance element of a 
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